In 1956 and 1957 grain sorghum represented 37 yercent of the harvested crop acreage in Texas (14 .' The largest concentrated area of sorghum is in the High Plains where the proportion of sorghum irrigated increased greatly during the drought years of the 1950's. In 1959 the monetary value of irrigated grain sorghum was estimated to be about $100 million.
As reported by the U.S. Census of Agiculturei the acreages of irrigated grain sorghum harvested in the 42-county High Plains area in 1950, 1954, and 1959 were 387,000, 1 1006,000, and 1,224,000 acres, respectively. The irrigated grain sorghum acreage in the eight counties-Castro, Deaf Smith, Floyd, Hale, Lamb, Lubbock, Farmer, and Swisher-represented over 80 percent of the total in the High Plains in 1954 and 1959 . Development • of high-yielding hybrids and a large increase in the number of irrigation wells in the area have been major factors in the threefold increase in irrigated grain sorghum. The number of wells increased from about 8,000 in 1948 to 45,000 in 1958 and 52,000 in 1963. Expansion since 1959 has been mainly north of the Canadian River.
Ideal topograp.hy. was instrumental in the rapid development of irrigation in the area. It is not uncommon for farmers to irrigate one-half-mile rows without any land smoothing.
The predominant soils in the area, except for Lamb and Lubbock Counties, consist mostly of clay kerns and silty clay loans (10, 16:) . The High Plains is perhaps one of the largest irrigated areas having a single predominant soil.
The source of water used for irrigation is an aquifer that underlies most of the area. The total water supply is extensive, but the rate of recharge by rainfall is very small compared to the current rate of pumping. The pumping lift ranges from about 100 to 400 feet in different areas of the High Plains. The cost of pumping water and the growing awareness that the current pumping rates greatly exceed natural recharge created a need for maximizing economic returns per unit of irrigation water and precipitation.
Without irrigation, inadequate precipitation is the major factor limiting crop production in the area. Under nonirrigated conditions, the common cropping sequences involving grain sorghum are continuous sorghum and sorghum after wheat. Bond and coworkers evaluated the frequency of obtaining various yields of grain sorghum under dryland conditions from 1907 to 1919 and 1943 to 1958 on the "hardland" soils in the Texas High Plains (1). They found that the yield of continuous grain sorghum was less than 2,000 pounds per acre about 80 percent of the time. With sorghum after wheat (fallow from harvesting of wheat until the next season), the yield was less than 2,000 pounds 70 percent of the time. The yields were less than 800 pounds 20 percent of the time with continuous sorghum and 15 percent of the time with sorghum after wheat. Yields exceeded 2,500 pounds about 5 percent of the time with continuous sorghum and about 15 percent of the time with sorghum after wheat. Commercial fertilizers currently are not needed in dryland sorghum production.
ields were doubled or tripled during the first 1 or 2 years of irrigation. -Yields decreased in subsequent years if nitrogen fertilizer was not used. The purpose of this study was to combine moisture and fertilizer levels in an experiment to provide irrigation and fertilizer recommendations for use by irrigation farmers in the area. STUDY AREA 35°15' N., elevation 3,825 feet). The station is located near the northern edge of the irrigated gain sorghum counties previously. mentioned.
The soil on the experiment station is representative of the irrigated area to the south as well as to
Location
The experiment was located on the USDA Southwestern Great Plains Research Center near Bushland, Tex., 14 miles west of Amarillo (latitude The soil on the experimental site is Pullman silty clay loam (3, 15) . Organic matter content in the 0-to 6-inch depth after several years of tillage ranges from 1.6 to about 2.1 percent, as compared to a native grass site of 2.6 percent. A caliche layer (CaCO) occurs at a depth of 3.5 to 4 feet. The proportion of CaCO, by weight in the caliche layer is as high as 45 percent (15) . The soil of a given layer is extremely uniform in physical properties and moisture-holding characteristics for extensive areas.
Bulk density determinations to a depth of 5 feet were made at four locations on the experimental site on September 18, 1956 , by the use of two 1.85-by 4-inch cores per foot .of depth. The standard error of the mean of four cores was 0.056, or 3.8 percent of the mean volume weight. These data and soil moisture characteristics are summarized in table 1. Field capacity values given are the mean of high values measured 5 to 10 days after a preplanting irrigation. Wilting percentages are the mean of low values measured near harvest on the drier plots. These field capacity values would not be the maximum obtainable 1 to 2 days after excessive irrigation. However, they indicate available water-holding capacity under normal irrigation practices. when evapotranspiration rates are low. The rate of internal drainage by gravity on this soil is very slow. Therefore, when evapotranspiration rates are high, the effective available water-holding capacity is greater than the values given in table 1, because evapotran- spiration demands can be met with water that ordinarily drains from the profile in the 5-to 10-day period after irrigation. Low intake rates on these soils limit the amount of irrigation water that can be applied in 12 to 24 hours to 4 to 5 inches during the growing season. A summary of intake measurements made in an adjacent experiment that uses level basins and tillage practices similar to those used in this experiment is presented in table 2. A 4-inch irrigation during the growing season requires about 16 to 20 hours to be absorbed. The intake from 0 to 0.33 hour ranges from 1.9 to 2.3 inches, and the intake from 0.33 to 15.33 hours ranges from 1.7 to 2 inches. Intake rates are higher during the preplanting irrigations. Intake rates when large furrows are used between sorghum rows on In.lhr.
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Average (1 and 2) these soils should be similar, because of rapid lateral water movement in the plow layer and the dense soil below the plow layer that extends to a depth of about 3 feet. The soil on the experiment site was first irrigated in 1956. Before 1956, the land was (allowed in 1955 with a previous cropping history of a wheat-sorghum-fallow dryland rotation.
Climate
The weather in the Great Plains is noted for its great variability and rapid changes. Extreme variations in monthly rainfall, daily temperature, and windspeed are normal expectations, especially during the months of Mardi, April, and May. Annual precipitation ranges from less than 10 inches to over 30 inches.
A summary of average climatic conditions and the weather conditions existing during this 4-year study is presented in table 3. The probabifities of receiving various amounts of rainfall are illustrated in figure 1 (5). The pattern of precipitation is similar for much of the area, but more precipitation occurs east of Amarillo. 
Experimental Design
The experimental design was a randomized complete block with split plots. Four replications of six soil moisture levels as complete blocks and six fertilizer treatments as split plots were used. Each moisture level was included in a level basin diked on all sides with level area dimensions of 30 by 265 feet. Depth of irrigation water applied was based on dimensions from center to center of the dikes, 33.3 by 168 feet. Fertilizer plots were 15 by 50 feet. The treat,-ments were maintained on the same plots for the four seasons. (Farmers frequently grow sorghum on the same field 3 to 5 years in succession.)
Moisture Levels
A preplanting irrigation was given all moisture treatments each year several weeks before planting to wet the soil to a depth of about 6 feet. The ined weig i hti hted mean soil moisture tension was quarters of the moisture depletion zone by 4, 3, 2, and I. The weighting procedure was based on typical soil moisture extrac t ion patterns. Son moisture tension was measured indirectly by cured plaster of paris moisture blocks (S) calibrated in a pressure membrane apparatus. Calibration consisted of placing six blocks selected at random in a special-built pressure membrane apparatus wit cm. of soil above and below the block. Ind vidual leads for each block in the pressure membrans were used. The calibration curve was adjusted to 70° F. and used without further correction. The curing process consisted of at least two 24-hour soaking and drying cycles. 
Fs Fs
In 1956, nitrogen was broadcast on the surface of the soil and worked into the top 2% inches of soil. In 1956, phosphorus placed with the seed restricted the germination to some extent, owing to limited soil moisture conditions. Consequently, all plots were irrigated on June 26 and June 27 to improve the stand. In 1958 and 1959 nitrogen was broadcast just ahead of each furrow opener and phosphorus placed ahead of the press wheel following the furrow opener (just above the seed).
Cultural Practices
Tillage
In 1956 and 1957 the plots were sweep-plowed to a depth of 6 to 8 inches after harvest. Other tillage operations varied from year to year according weed and volunteer sorghum growth. After the preplanting irrigation, usually given early in June or late in May, the plots were sweep-plowed to a depth of 2 to 3 inches and spike-tooth harrowed prior to planting to control volunteer sorghum growth and prevent large drying cracks. The rate of planting used in 1959 was considered to be the minimum for maximum yields based on other studies (18).
Seeding and Harvesting
Yield Determination and Disposal of Crop Residue
Yields were determined by hand-cutting heads, which were dried and threshed at a later date, except in 1956. In 1956, 4 rows, 40 feet long, were harvested from each subplot with a small self-propelled combine. In 1957, 1958, and 1959, 4 rows, 25 feet long were hand-harvested. After hand-harvesting to determine yields, the rest of the plot area was harvested with a combine. Each year the residue was returned to the individual plots, except in 1957. In 1957, an offset combine was used that de posited the threshed stalk to the side of the plot. The stubble remainin* after harvest was shredded either in the fall or m the spring and disked into the surface.
Evapotranspiration Determinations
Evapotranspiration (Es) was determined from soil samples taken p_eriodically to depths of 4 or 6 feet on the F,, F`, and 111, subplots of each moisture level. Samples were taken by hand in 1956, partially by machine in 1957, and by machine in 1958 and 1959 (9) .
Soil sampling sites were marked so that successive cores could be taken about 1 foot or less from the preceding location moving in the same direction each time. After removing the core, the hole was filled with surface soil and tamped. Because of the low intake rates and limited depths of water applied, the rate of E, during an irrigation period to the date of sampling after an irrigation) was calculated as follows:
(from the date of sampling prior to an irrigation
halm+ (Irrigation and rainfall)-Inehesy
Days between sampling dates
Inches per day where inchesi and inches, represent the total water in the profile before and after irrigating. The depth of irrigation water applied was generally less than the amount required to bring the soil to field capacity with the exception of the first irrigation in 19561 which was applied to improve the germination and uniformity of stand.
Values obtained by this procedure for the irrigation period usually were somewhat larger than those obtained between sampling dates after an irrigation. This method of calculation for the irrigation period assumes that each subplot re-. ceives the same depth of water and no deep percolation occurs. Small differences in intake between fertilizer subplots due to small differences in soil moisture content may have occurred from 1957 through 1959. The 1959 seasonal total E, was from the first to the last sampling date t • for the other years an adjustment was made back to the date of planting.
Other Measurements
Nitrogen content of the grain was determined each year from 1956 through 1958 and in 1960. The percentage of protein .was obtained by using a constant ratio between nitrogen content and protein content. Detailed evaluation of total nitrogen uptake on three moisture levels with four rates of nitrogen was carried out in 1957 and 1958. The results of the nitrogen study have been previously published (11). Height determinations were made with a surveyor's rod, and the average height of the grain sorghum was observed at full growth. The relative date of heading was determined when the earliest plots were blooming. A numerical rating was used as follows: (1) late boot stage, (2) beginning to head s (3) partially headed, and (4) headed and blooming. The number of heads per unit area was determined as the plots were hand-harvested. Test weight of the grain was determined by standard volumetric and weighing procedures.
RESULTS AND DISCUSSION
Evapotranspiration
The High Plains is not a large homogeneous irrigated area. Irrigated fields are intermixed with rangeland and nonirrigated farmland. The total acreage of irrigated crops in 1954 other than wheat, a winter crop, represented only about 10 percent of the total land area in the High Plains.
In the eight-county area which had 84 percent of the irrigated gram sorghum in the High Plains in 1954, the total acreage of irrigated crops, other than wheat, represented only 38 percent of the land area. Thus, even during the summer season, about two-thirds of the area is nonirrigated. Evapotranspiration determinations made in this 2.8-acre site surrounded by irrigated and nonirrigated land should be representative of irrigated fields surrounded by nonirrigated land in the area.
Seasonal Eva potransp iration
A detailed summary of seasonal evapotranspiration (Es) and analysis of variance for three fertility subplots on each moisture level are presented in table 12 in the appendix. Some of these data have been summarized and published earlier (8, 7, 8) .
The largest yields and the highest water use efficiency were obtained on the moisture level. Therefore, the M, moisture level will be referred to as the optimum moisture level in the rest of this report. Cumulative E. averaged for the Climatic conditions during the 1956 growing season were nearly normal except in September and October, when solar radiation and air temperature were above normal and rainfall was below normal. Cumulative E, in 1956 closely followed the 4-year mean except in September, when it exceeded the mean. The total 1956 seasonal E. probably would have been higher if an additional irrigation had been given in September. With below-normal rainfall in September and October, most of the available soil moisture was depleted by early October.
Low cumulative He in 1957 was a result of below-normal solar radiation and air temperatures,
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especially in October. Solar radiation and air temperature were above normal in July 1957; however, the planting . date was about a week later than at-erage, wnich apparently resulted in below-normal cumulative E, that month.
In 1958 heavy July rainfall (7.79 inches) may have caused some deep percolation beyond the soil sampling zone. Soil moisture in mid-July was greater m the 4-to 5-foot and 5-to 6-foot depths than that at corresponding depths on June 23. Also evaporation losses from the soil surface may have been above normal in July because of frequent rains.
Use of nitrogen fertilizer increased yields substantially but had little influence on the seasonal E, (appendix 
Rate of Evapotranspiration
The average rate of evapotranspiration for sampling periods on the Mt moisture level for the i 4 years is presented in figure 3 decrease. The E1 rate was much less than the potential in June and early July because of limited transpiring surface area. As transpiring surface area increased in July, the mean E1 rate increased rapidly until the potential rate was reached during the first few days in August. The decrease in mean E, rats during August follows the decrease in potential E,. The effects of crop maturation and lower soil moisture levels appear to have reduced E, below the potential during the latter part of September and in October. The mean rate of evapotranspiration shown in figure 3 should be applicable to irrigated fields in the area planted to grain sorghum about June 15. For sorghums planted 2 or 3 weeks earlier, the peak rate of Es will be reached about 10 days earlier.
A summary of total water in the 0-to 4-foot depth for all moisture levels by sampling dates is presented in table 13 in the aTpendix. These values are the average of the F4 and F. plots. Total water in the 4-to 6-foot depth increment is presented in table 14. Soil moisture extraction from the 4-to 6-foot depth was small except on the dry treatments. Therefore, this depth was not sampled each time the 0-to 4-foot depth was sampled.
Grain Yield
Grain yields for each combination of moisture level and fertilizer treatment and a summary of the analysis of variance are presented in table 4. Yields were greatly affected by nitrogen fertilizer, especially_ where soil moisture did not restrict yields. No significant response to phosphorus occurred in the 4 years, with average yields of the same treatment as high as 7,200 lb./acre.
Nitropn fertilizer did not increase yields in 1956. Yields ranged from less than 1,000 lb./acre with a preplanting irrigation only to over 6,000 lb./acre on the M4 moisture level plots. Se verel lodging occurred on the M. and M. moisture levels (hie to charcoal rot (Macrophom(na phaseoh). Moderate liidging occurred on the M1 and M. and some lodging occurred on the M, plots. Lodging was more severe on the plots fertilized at the 240 -l b . / a c r e n i t r o g e n r a t e . T h e MI moisture level plots had very little lodging.
A response to nitrogen applied in 1956 occurred on the higher soil moisture levels in 1957. The yield without applied nitrogen was less on the optimum moisture level than on the medium level, apparently because about 1,600 lb./acre more gram was produced on this treatment in 1956. The M, moisture level plots lodged, and some lodging occurred on the M, level.
In 1958, the third year of irrigation, yields dropped about 50 percent without nitrogen fertilizer on the medium and optimum soil moisture levels. With a preplanting irrigation only, the yield was largest without applied nitrogen.
In 1959, the fourth year of irrigation, yield without applied nitrogen decreased to about 3,000 lb./acre on the optimum soil moisture level. The largest increase in yield occurred with the first increment of nitrogen (60 lb./acre) applied in 1956, 1958, and 1959 .
The 4-year average yield with a preplanting irrigation only was about 2,500 lb./acre. On this treatment a slight response to applied nitrogen occurred in 1969. Similar results were obtained on the M5 moisture level (preplanting plus one seasonal irrigation), except a substantial response to nitrogen fertilizer occurred during the fourth year. In this case, the 4-year average yield without applied nitrogen was about 4,080 lb./acre, whereas the average yield with applied nitrogen was about 4,400. Most of this difference occurred in 1959. In 1959, the plots without applied nitrogen yielded only about 3,300 lb./acre compared with the fertilized plots that yielded as high as 4,590 lb/acre.
On adequately fertilized plots of the medium moisture level (M3), which averaged about 5,800 lb./acre, a response to residual nitrogen occurred during the second year under irrigation. By the fourth year, yields increased from 3,200 to 5,700 lb. acre with applied nitrogen. These results indicate that when irrigating for a ykeld potential of 6,000 lb./acre, no nitrogen fertilizer may be necessary the first 2 years this soil is irrigated but about 60 lb. of N will be needed the third year and between 60 and 120 lb. the fourth year.
With average yields of 7,000 to 7,500 lb./acre, a response to nitrogen occurred during the second year under irrigation. By the fourth year, nitrogen increased yields from about 3,000 to 7,800 lb. per acre. Continuous production of 7,000 lb. per acre, or more, would require at least 120 pounds or more of nitrogen annually. 1956, 1957, 1958, 1959 ; adequate moisture supply in 1960. $ **-Significant at the 1-percent level.
The results of this study illustrated the primary interaction between nitrogen and soil moisture levels; i.e., when available soil moisture limited production, applied nitrogen requirements were reduced, and when soil moisture was not the limiting factor, applied nitrogen requirements were greater to obtain good yields. Also/ when sufficient water was applied for average yields of about 7,000 lb./acre, the production without nitrogen fertilizer decreased the second year this soil was irrigated and continued to decrease as the reserve of available N was depleted.
In 1960, the experimental site was irrigated uniformly to evaluate the effects of residual nitrogen and previous moisture levels on yield (table  5) . The 1960 yields on the F,, F" and F4 treatments were inversely related to amount of irrigation water and directly related to the amount of nitrogen applied during the previous 4 years.
Nonificant yield response to phosphorus occurred.
Yield of grain sorghum was not materially affected by soil moisture level if the average available soil moisture in the 0-to 4-foot depth just prior to irrigations was more than 30 percent Yields from the Fs fertilizer treatment (and F4 if the yield on the F4 was not more than 2 or 8 percent less than the F, yield) on the MI, M" and M, moisture levels were used to evaluate this effect (fig. 4) 
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The soil moisture extraction pattern was evaluated during sampling periods when little or no rainfall occurred. The results indicated that as the season progresses from July 15 to September 15, the percentage of soil moisture obtained from the top foot during a sampling period decreased from about 50 to 35 percent. The percentage of i extraction from the other depths to 4 feet ncreased during this period.
Delaying irrigations until small amounts of available water remained in the upper layers of soil decreased total seasonal E1 but yields decreased by a greater proportion. This relation was evaluated by considering the average seasonal E, on the F4 and F. fertilizer plots of the M4 moisture level as E. with optimum soil moisture (E,J. The yield on the F. fertilizer treatment on the M1 moisture level was used as the maximum (Y....). The datapresented in figure 5 are mean relative yields (Y/Y..") on F. and F. fertilizer plots and meanrelative E, (E.IE,.) where adequate nitrogen appeared to havebeen provided. Since the time of occurrence of low moisture conditions on different treatments was not always at the same stage of growth even within one year, some scatter of points is to be expected. However, the general trend indicated yields decreased more rapidly than E. For example, if irrigations were delayed, causing a 10-percent reduction in seasonal E,, yields were reduced about 20 percent. Likewise, a 20-percent reduction in E, reduced yields about 35 percent. The same type of relation would not necessarily occur if yields included total dry matter . produced. Larger yields on the nitrogen-fertilized subplots in 1957-59 resulted in lower average soil moisture than on the 0-nitrogen subplote. The mean soil moisture percentages for sampling periods from July 15 to September 15 for each depth are presented in table 15 in the appendix. These values are averages of 64 to 112 soil samples. Average values cannot be used to compare moletura levels directly, because different sampling dates were involved. Differences in mean soil moisture in the 0-to 4-foot depth between the Fs plot and the average _of F. and F. plots are plotted in figure 6 against differences in yield between the two.
These results indicate that if large yield or plant-growth differences are expected between treatments and if soil moisture level is an important factor, experiments should not be designed with subplot treatments having large yield or plant-growth differences. The mean soil moisture percentage on the nitrogen-fertilised plots averaged 0.9 percent (on an oven-dry weight basis) less than the 0-nitrogen plots when yields on the nitrogen-fertilised plots were 4,000 lb./acre greater. This difference represents about 10 cent of the total available soil moisture. The difference in soil moisture tension in the upm soil layers just before irrigating may have reached several atmospheres, especially on treatments where the soil moisture tension was allowed to reach 4 or 9 atmospheres before irrigating.
Grain Quality
Soil moisture and nitrogen fertilizer affected the quality of the grain as well as the _yield. Test weight and protein content were used to evaluate quality.
Test Weight
A summary of test weights for all soil moisture and fertilizer treatments and an analysis of variance are presented in table 16 in the appendix. The low 4-year average test weights on the Mi moisture level were due primarily to greater lodging in 1958 as rate of applied nitrogen increased.
The low values on the Ali treatment were duo primarily to lodging in 1956. Lodging and low test weights appeared to have been more severs when soil moisture was adequate early in the season but deficient during the latter part of the season.
Protein
Protein content of grain was inversely related to the level of production and directly to the amount of nitrogen fertilizer applied (appendix (1956 and 1957) on these treatments were 2,159, 5,548, and 5,894 lb /acre, respectively. The weighted mean protein content for 1957 and 1958 was about 11 percent with average yields of about 3,000 lb. weighted mean =sum of yield x protein content for each year/total 2-year yield). With larger yields on higher moisture levels, protein content was lower.
With average yields of about 5,000 lb./acre, protein content averaged 6.8 percent on the 0-nitrogen plots. With 240 lb./acre of nitrogen applied in 1956 and 1958, protein content averaged only 8.5 percent when yields averaged 6,400 lb./ acre. Thus, protein content was maintained to a certain extent when nitrogen applications exceeded that needed for yield.
Other Crop Characteristics
Plant Height
The height of the sorghum increased with the first two increments of applied nitrogen in 1958 but decreased slightly at the highest rate. Very little difference between nitrogen rates occurred in 1957 and 1959 (table 6) . Low soil moisture during the late boot stage reduced plant height. The shortest plants were on the M1 moisture level.
Heading Dates
Date of heading was delayed on plots receiving no nitrogen (appendix table 18). Heading was earliest. on the low moisture le y*.
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Heads per Acre and Weight per Head
The number of heads per acre and weight per head were primary components of large variations in yields in 1959. The lower yield on the low moisture levels was a result of fewer and smaller heads as compared to the higher moisture levels (tables 7 and 8). Nitrogen fertilizer increased the weight per head over the 0-nitrogen plot on the medium and optimum moisture levels (table 8) . However, there was only a small difference in head weights between the 00-, 120-, and 240-1b./acre nitrogen application rates. Therefore, large differences in yield between these treatments were due primarily to the number of heads per acre. 
Fertilizer Effects
Fertilizers are extremely important when attempting to obtain maximum production per unit of water. The effect of both soil moisture and nitrogen on water use efficiency after 4 years of irrigation is shown by data for /959 (table 19) . With low moisture levels, nitrogen did not increase water use efficiency greatly. When soil moisture was not limiting, nitrogen fertilizer more than doubled the production of grain per unit of water. The large difference in water use efficiency was due to the use of nitrogen, which more than doubled grain yields but increased seasonal evapotranspiration less than 10 percent.
Annual Variations
in a dry year such as 1956, water use efficiency with limited irrigations was low t but in the years of normal or above normal well-distributed prec*-tation, relatively high water use efficiency was also obtained with limited irrigation treatments. In contrast, medium to optimum soil moisture and adequate nitrogen fertility resulted in high water use efficiencies in seasons with below normal, normal, and above normal precipitation.
irrigation Water Use Efficiency .
Irrigation water use efficiency was evaluated by considering yield increases over nonirrigated crop yields per unit of irrigation water applied prior to planting and during the growing season. The 4-y ear average production of grain per acre-inch of irrigation water applied is presented in table 9. The highest 4-year average irrigation water use efficiency occurred on the optimum soil moisture level. With the irrigation practices used in this study-that is, a preplantinurrigation plus two or three 4-inch irrigations during the growing season-the largest average production of grain per unit of irrigation water required 14 to 16 acreinches of irrigation water per acre per year. k 
Fallow Period Irrigations
Irrigation before planting is practiced in the High Plains to assure a stand, to maintain growth until irrigation furrows can be made, and to germinate grain not removed during harvest. Irrigation of wheat is generally not economical after May 20, as yields will not be materially affected. Thus the irrigation wells can be used for preplanting irrigations for grain sorghum several weeks prior to the optimum time to plant. Also, because of the low intake rates, a preplanting irrigation is often made to store water in the 3-to 5-foot depth of the soil profile. Storing water in the 3-to 5-foot depth allows the farmer to irrigate more acres with a given water supply. If irrigations are made only after planting, the demand for water may be greater than the capacity of the wells when E, rates are high. Without water storage in the 3-to 5-foot depth, severe reductions in yield can occur.
Storage of rainfall during the fallow period is usually 15 to 20 percent of the offseason precipitation with dryland farming. About 25 percent of the total precipitation at Amarillo comes from storms bringing less than 0.25 inch each. Nearly TO percent of the precipitation comes from storms bringing less than 1 inch each (5). With these light showers, penetration into the fine-textured soil is limited and evaporation losses are high.
Storage efficiency of precipitation plus irrigation water applied offseason was also low. The 3-year average fallow season precipitation was 11.18 inches on the M, plots and 10.95 on the M, plots. However, because of high evaporation losses, preplanting irrigations were necessary to wet the soil to a depth of 6 feet. The average depth of preplanting irrigation was 5.5 and 5.2 inches for a total of 16.7 and 16.1 inches of precipitation plus irrigation water on the A and M moisture levels, respectively. The average net gain in soil moisture from harvest to planting was 5.5 and 4.2 inches. Thus, the efficiency of storing precipitation plus irrigation water was 33 percent on the M, plots and 26 percent on the M. plots. This loss of water, primarily by evaporation,was approximately one-half the amount required to grow a crop of winter wheat during the same period. The total depth of water evaporated and transpired annually on the grain sorghum plots with optimum soil moisture was about 34 inches.
Irrigation Water Management
Irrigation water management practices for grain sorghum will vary with each farm unit, depending upon the crops grown, available water supply, general level of production desired, and facilities and labor for irrigating. Some general irrigation guidelines can be derived from the results of this study.
Preplanting Irrigations
Under normal climatic conditions and recommended irrigation practices, the soil profile will be near the wilting percentage in the top 4 feet at harvest. As indicated in table 1, about 8 inches of available water could then be stored in the 0-to 4-foot depth. From table 3, the average precipitation during the fall and winter moon in this area is about 7 inches. However, from November through March approximately onehalf of this precipitation comes from storms bringing less than one-half inch each, resulting in high evaporation losses. Therefore, unless large rains are received in April and May, the soil generally not be wet to more than 1 to 2 feet by planting time. With these soil moisture conditions, prep/elating irrigations may be more convenient than applying greater amounts of water after planting.
High Production Loire!
If it is assumed that adequate fertilizer was provided for near maximum production and a 16 CONSERVATION RESEARCH REPORT 5, 17.5. DEPT. OF AGRICULTORS preplanting irrigation was given, irrigations can be scheduled by (1) observing rainfall that has occurred, (2) estimating probable rainfall based on current forecasts for 4 to 5 days ahead, and (3) utilizing the mean cumulative .Et or E, rate curve of figure 2 or 3. For high yields, only about 50 percent of available water can be depleted before irrigating the first time when the root system is not fay developed. Thus, the first irrigation should be applied to the entire field before 3 to 3.5 inches are used from the soil. With normal precipitation in June and July and a planting date near June 15, the first irrigation will be needed in late July or early August, depending on actual rainfall. The second irrigation will be needed about August 15, allowing 3 to 3.5 inches to be depleted from the soil after the first irrigation. The third irrigation, and probably the last, would be needed between September 5 and 10. A season with below normal precipitation would require four irrigations with the first one beginning sooner than indicated, whereas a season with above normal precipitation may.require only two irrigations, each irrigation requiring 3.5 to 4 inches of water.
Medium Production Level
If adequate fertilizer and a preplanting irrigation are assumed, the first irrigation for the medium production level should be given before 3.5 to 4 inches of soil moisture are used. With normal climatic conditions, the first irrigation will be needed about the first week in August. The second, andperhaps the last irrigation, should be given when about 5 inches of soil moisture are used after the first irrigation. With about 2.5 inches of average rainfall in August, this irrigation will be needed about September 1. A dry season would require three irrigations and a wet season perhaps only one irrigation, scheduled in a similar manner.
Low Production Level
If limited water supply or pumping capacity during the summer is anticipated, irrigation for a low production level may be necessary. The planting rate should be reduced to rates near those used for dryland farming. If a preplantingirrigation was given, then the first and only irrigation during the growing season should be given when the plants begin to show signs of severe wilting during the day. Preferably, this irrigation should be delayed until the middle or latter part of August during the milk stage. The yield with this practice will not be high, but it will be greater than dryland yields. Fertilizer requirements will be consider. ably less at this level of production. Lodging caused by charcoal rot may be severe some years with these limited irrigation practices.
SUMMARY AND CONCLUSIONS
The 4-yeax study of irrigated grain sorghum, with six soil moisture levels and each with six fertilizer treatments, showed that seasonal eve otranspiration (Es) will average about 22 inches from planting to harvest when irrigating and fertilizing for high yields ( fig. 2) . Nitrogen fertilizer increased yields 2 to 2% times more than those from plots receiving no nitrogen, but increased seasonal E, only about 6 percent.
The rate of Et shortly after planting grain sorghum in June was less than 0.1 inch per day, even though solar radiation and air temperatures were high. As amount of vegetation increased, the Et rate increased rapidly, reaching a maximum of about 0.30 inch per day during the early part of August (ft. 3). During August and until harvest, the E, rate decreased as solar radiation, air temperature; and soil moisture decreased, and as the plants matured.
Grain sorghumyields were greatly affected by the soil moisture level. Yields were also greatly affected by the rate of nitrogen application in the third and fourth year after beginning to irrigate Pullman soil. To maintain yields of 6,000 to 7,000 lb./acre, at least 120 lb./acre of nitrogen wer required annually after 2 years of irrigation (table  4) . With limited irrigations that restricted yields to 2,500 to 3,000 lb./acre, nitrogen fertilizer was not needed.
Yields were less than 6,000 to 7,000 Ib. per acre when more than 80 percent of the available water in the 0-to 4-foot depth had been depleted before irrigating (fig. 4) . Delayed irrigations reduced seasonal E, by 10 to 20 percent, but yields were reduced 20 to 35 percent (ft. 5), Severe lodging caused by charcoal rot and low test weights occurred when soil moisture was adequate early in the season but inadequate late in the season.
High water use efficiency was greatly dependent on nitrogen fertilizer. Nitrogen fertilizer doubled the production of grain produced per unit of water (appendix table 19 ). High average water use efficiency occurred when optimum soil moisture was maintained. During years with well-distributed precipitation, lower moisture levels also resulted in high water use efficiencies. 
